The diagnosis of amebiasis by microscopic identification of the parasite in stool is insensitive and unable to distinguish the invasive parasite Entamoeba histolytica from the commensal parasite E. dispar. In this study, we have tested a PCR technique for the detection of E. histolytica and compared it with isoenzyme analysis and the TechLab E. histolytica-specific antigen detection test. The nested-PCR test we used is based on amplification of the small subunit rRNA gene of E. histolytica and E. dispar followed by restriction digest analysis of the PCR product. Single stool samples were obtained from 98 patients from Dhaka, Bangladesh, with diarrhea: 88 patients diagnosed by microscopy and/or culture with E. histolytica and/or E. dispar infection and 10 patients without infection. Isoenzyme analysis identified 53 of the infections as E. histolytica and 28 as E. dispar. PCR and isoenzyme identification of E. histolytica agreed in 96% (51 of 53) of amebic cultures. PCR for E. histolytica was negative in all 10 samples that were negative for E. histolytica by isoenzyme and antigen detection. PCR and antigen detection had comparable sensitivities when performed directly on fresh stool specimens, identifying 87% (46 of 53) and 85% (45 of 53), respectively, of E. histolytica infections identified by isoenzyme analysis. The correlation of results by antigen detection and PCR for identification of E. histolytica in stool was 93% (45 of 48 cases). Mixed infections with E. histolytica and E. dispar were detected by PCR in 14% (12 of 88) of cases. In conclusion, all three techniques for specific identification of E. histolytica in fresh stool showed excellent correlation. Only the TechLab E. histolytica antigen detection test was both rapid and technically simple.
It has long been known that although about 500 million people each year have amebiasis, only about 10% experience symptomatic disease (20, 21) . After much research and argument, it is now generally accepted that what was earlier known as Entamoeba histolytica actually comprises two genetically distinct but morphologically indistinguishable species-a pathogenic one, for which it has been suggested that the name E. histolytica be retained, and a nonpathogenic one, for which the name Entamoeba dispar has been revived (4, 21) . E. histolytica can cause invasive intestinal and extraintestinal disease, while E. dispar cannot. A WHO-Pan American Health Organization-United Nations Educational, Scientific, and Cultural Organization Expert Panel recently recommended the development of improved methods, using technologies appropriate for developing countries, for the specific diagnosis of E. histolytica infection (21) .
Identification and differentiation of E. dispar and E. histolytica in stool sample by microscopy is imprecise. While E. histolytica trophozoites are more likely than E. dispar to contain ingested erythrocytes, the organisms are identical in appearance (4) (5) (6) . Not only is microscopy unable to differentiate E. histolytica from E. dispar; it is at best only 60% sensitive and can be confounded by false-positive results due to misidentification of macrophages and nonpathogenic species of Entamoeba (6, 9, 11, 17) . Culture is more sensitive than microscopy, and isoenzyme analysis of cultured amebae enables the differentiation of E. histolytica from E. dispar. However, amebic cultures and isoenzyme analysis require a week to complete and are negative in many microscopy-positive samples, in some cases due to delays in sample processing or due to the institution of antiamebic therapy prior to stool collection (6, 9, 17) .
New approaches to the detection of E. histolytica and E. dispar are based on antigen detection in stool (1, (7) (8) (9) 17) and detection of E. histolytica-specific DNA by PCR amplification (2, 3, 10, 13, 16, 18) . Antigenic differences in the lectin of E. histolytica and E. dispar amebae enable specific identification of the disease-causing amebae E. histolytica (14) . Antigen detection tests have proven to be more sensitive and specific than microscopy (7) (8) (9) . In this study, we have used a PCR technique for detection of E. histolytica and compared it with antigen detection and isoenzyme analysis.
MATERIALS AND METHODS
Stool specimens. Stool samples were collected from patients with diarrhea seen in 1995 and 1996 at the International Center for Diarrheal Disease Research, Bangladesh (ICDDR,B). Analyzed were single stool samples from 88 patients diagnosed with E. histolytica and/or E. dispar infection (by microscopy and/or culture) and from 10 patients whose stool samples were negative by microscopy and culture for E. histolytica and E. dispar infection.
Antigen detection, culture, and isoenzyme analyses. The TechLab (Blacksburg, Va.) Entamoeba test (designed to detect but not differentiate E. histolytica and E. dispar antigen in stool specimens) and TechLab E. histolytica test (designed to detect specifically E. histolytica in stool specimens) were performed on the stool specimens according to the manufacturer's instructions. Fresh stool samples were examined microscopically in a 0.9% saline smear for the presence of E. histolytica-E. dispar complex cysts and trophozoites. Stools were cultured for Entamoeba species in Robinson's medium within 6 h of collection, and isoenzyme analysis was performed as described previously (7, 15) .
Extraction of DNA from stool samples and cultures. Trophozoites and cysts present in the stool and cultured amebae from the stool samples were the source of target DNA, which was purified by a modified version of the method of Katzwinkel-Wladarsch et al. (10) . All procedures were performed with sterile, disposable plastic tubes and pipette tips. Aliquots (0.2 g) of stool samples or cultures in Robinson's medium were taken to 1.5 ml in microcentrifuge tubes, and 33.3 l of 1 M KOH and 9.3 l of 1 M dithiothreitol were added. The samples were mixed thoroughly by stirring with a pipette tip, followed by brief shaking. After incubation at 65°C for 15 min, the samples were neutralized with 4.3 l of 25% HCl and buffered with 80 l of 2 M Tris-HCl (pH 8.3) and the suspension was mixed again. The DNA was extracted by shaking with 250 l of phenol-chloroform-isoamyl alcohol (25:24:1) (PCI) saturated with 10 mM Tris (pH 8.0) and 1 mM EDTA. The phases were separated by a 4-min spin in a microcentrifuge. The aqueous phase was transferred to a new tube, and the DNA was further purified by adsorption to 5 l of Glassmax matrix suspension (Gibco BRL). The DNA was eluted in 39 l of deionized water.
PCR method. Primer construction was based on sequences from the small subunit rRNA gene of E. histolytica and E. dispar (10) . For the first PCR, the primer pair E-1 (TTT GTA TTA GTA CAA A) and E-2 (GTA [A/G]TA TTG ATA TAC T), which amplified a 0.9 kb fragment of the rRNA gene, was used. The primer pair E-1 and E-2 is complementary to both E. histolytica and E. dispar sequences, with the E-2 primer constructed twofold degenerately, i.e., as a mixture with half corresponding to the E. histolytica sequence and the other half corresponding to the E. dispar sequence. The first PCR amplification with E-1 and E-2 was followed by two additional PCRs, each of which was specific for either the E. histolytica or the E. dispar sequence. The primers used for these reactions were located downstream of E-1 and E-2, making this a nested PCR. For the second (nested) PCR, two different primer pairs specific for E. histolytica (EH-1, AAT GGC CAA TTC ATT CAA TG, and EH-2, TTT AGA AAC AAT GCT TCT CT) or E. dispar (ED-1, AGT GGC CAA TTT ATG TAA GT, and ED-2, TTT AGA AAC AAT GTT TCT TC) were used. All primers were obtained from Oswel DNA, University of Southampton, Southampton, United Kingdom.
Both of the PCRs used a hot-start technique. In the first PCR, 18.4 l of the DNA extracts was denatured at 96°C for 2 min after the addition of 0.6 l each of 40 M solutions of the primers (E-1 and E-2) and 1 drop of mineral oil. After cooling to 80°C, 5.4 l of freshly prepared "mastermix" (2.5 l of 10ϫ PCR buffer [catalog no. 18038; Gibco BRL], 2 l of 50 mM MgCl 2 , 0.64 l of deoxynucleoside triphosphate mix [10 mM each; Perkin-Elmer, Norwalk, Conn.], and 0.25 l (5 IU/l) of Taq polymerase [Gibco BRL]) was added. Fifty cycles with denaturation at 92°C for 60 s, annealing at 43°C for 60 s, and extension at 72°C for 90 s were performed. In the second (nested) PCR, 3 l of the first PCR product was taken in 26 l of water and denatured at 96°C for 2 min after the addition of 1 l each of 40 M solutions of the primers (EH-1 and EH-2 for E. histolytica; ED-1 and ED-2 for E. dispar) and 2 drops of mineral oil. After cooling to 80°C, 8.6 l of freshly prepared mastermix (10ϫ PCR buffer, 3.2 l of 50 mM MgCl 2 , 1 l of deoxynucleoside triphosphate mix, and 0.4 l of Taq polymerase) was added and PCR was performed as described above, except that the annealing temperature was 62°C. PCR amplifications were performed with a Bio-Rad gene cycler. Products were visualized on a 1.3% agarose gel containing ethidium bromide (0.2 g/ml; Sigma).
Restriction endonuclease digests. Bands excised from the agarose gel were silica gel purified as described above, eluted in 9.6 l of buffer, and digested with 0.8 l (10 U/l) of DraI (Gibco BRL) for 60 min at 37°C, followed by the addition of 0.4 l (10 U/l) of Sau96I (Amersham) and further incubation at the same temperature for another 90 min, by the method of Katzwinkel-Wladarsch et al. (10) .
RESULTS
The nested-PCR amplifications, performed by a modification of the method of Katzwinkel-Wladarsch et al., yielded a 0.9-kb band with E. histolytica and E. dispar DNA. Restriction enzyme digestion of the DNA amplified with the E. histolyticaspecific primers exhibited characteristic bands of 0.55 and 0.35 kb, usually with some of the undigested 0.9-kb band remaining. The E. dispar-amplified DNA yielded a band of 0.55 kb and a confluent band of 0.15 to 0.2 kb, often with a partial digestion product of 0.7 kb (Fig. 1) .
Nested PCR, antigen detection tests, and culture and isoenzyme analyses were performed on 98 stool specimens from patients with diarrhea in Dhaka. Stool specimens from 68 patients were positive for E. histolytica and/or E. dispar infection by microscopy and culture, 13 were positive only by culture, 7 were positive only by microscopy, and 10 were negative by both microscopy and culture (data not shown). Isoenzyme analysis identified 53 E. histolytica and 28 E. dispar infections from the 81 culture-positive isolates. Nested PCR using cultured amebae as the source of DNA demonstrated a 96% correlation with isoenzyme analysis in detecting E. histolytica infection: 51 of 53 isolates identified as E. histolytica by isoenzyme analysis demonstrated E. histolytica-specific DNA amplification products (data not shown).
Results of nested PCR using stool were compared with those of culture and isoenzyme analysis (Table 1) . For the 53 stool specimens that were positive for E. histolytica by isoenzyme analysis, the nested PCR performed directly on stool was positive for 46 specimens (including 9 specimens positive for both E. histolytica and E. dispar), for a correlation of 87% ( Table 1) . The PCR and antigen detection tests had similar sensitivities when performed directly on stool specimens, identifying 87% (46 of 53) and 85% (45 of 53), respectively, of E. histolytica infections identified by culture and isoenzyme analyses (data not shown).
Results of the nested PCR using stool specimens were also compared with those of the antigen detection tests ( Table 2 ). The antigen detection tests revealed that there were 50 samples positive for E. histolytica, 29 positive for E. dispar, and 19 negative for E. histolytica and E. dispar antigens. For the 50 specimens that were positive for E. histolytica by the antigen detection tests, the nested PCR performed directly on stool specimen was positive for 47 specimens (including 8 specimens positive for both E. histolytica and E. dispar), for a correlation of 94%. Out of 12 mixed infections of E. histolytica and E. dispar detected by the nested PCR performed directly on stool, 8 specimens were identified as E. histolytica by the antigen detection test (Table 2) .
DISCUSSION
Microscopy is an outmoded technique that should not be used to diagnose amebic colitis: it is insensitive, incapable of differentiating pathogenic E. histolytica from nonpathogenic E. dispar, and prone to giving false-positive results. Our experience in Bangladesh has highlighted the danger of relying on microscopy. Of all children with diarrhea diagnosed with amebiasis by microscopy, only 40% were proven to have E. histolytica infection when specific methods (antigen detection and culture-isoenzyme analysis) were used. And of all children diagnosed with E. histolytica infection by specific methods, the majority were missed by microscopy (9) . For this reason the WHO, the Pan American Health Organization, and UNESCO issued in 1997 the joint recommendation that "E. histolytica should be specifically identified" (21) . The only E. histolytica-specific test that is approved for in vitro diagnostic use is the TechLab E. histolytica antigen detection kit. The Alexon and Merlin Optimum S antigen detection kit cross-react with E. dispar (12) .
This study represents the first time that three independent techniques for species-specific identification of E. histolytica have been compared by using the same stool samples. The nested-PCR test for detection of E. histolytica (based on amplification of the rRNA gene) correlated well with antigen detection and isoenzyme techniques for detection of E. histolytica in diarrheal stool specimens. The overall correlation between the nested-PCR results from stool specimens and those of antigen detection tests for detecting E. histolytica infection was greater than 90%. This agreement between techniques provides confidence that any one of the techniques may be used alone to yield an accurate assessment of the presence of E. histolytica in a stool specimen. However, of the three techniques, the TechLab antigen detection test was by far the most rapid and simple, providing an answer within 2 to 3 h. In contrast, it took several days to complete the PCR test, and 1 to 2 weeks were needed to culture the amebae and perform isoenzyme analysis.
PCR amplification of rRNA genes has been shown to be more sensitive than antigen detection when cultured parasites are used as the source of DNA and antigen (12) . However, in the real-world situation where the parasite has to be identified in stool specimens, our results indicate that the two techniques are approximately equal in sensitivity. Thus, there is no disadvantage to the use of antigen detection and there is a decided advantage to its use due to its speed and technical simplicity.
Dual infection with E. dispar and E. histolytica in the same stool specimen and occult infection (PCR-detected infection in stool specimens negative for E. histolytica by other techniques) were both uncommon, similar to the observations of other investigators studying smaller numbers of samples (3, 19) . This is a marked contrast to studies of Mexican children by Samuelson and colleagues (13, 16) , in which PCR detected dual and occult infections in the majority of stool specimens tested. This could reflect real differences in the epidemiology of E. histolytica in Mexico and Bangladesh. However, it is also possible that the PCR test used in the Mexican studies (which was based on highly repetitive sequences in the noncoding region of the rRNA gene) was prone to a high level of false-positive results. Unfortunately, in the studies from Mexico the PCR results were not confirmed by either culture or antigen detection.
In conclusion, the nested PCR described in the present work is comparable to isoenzyme analysis and the TechLab E. histolytica antigen detection test for identifying E. histolytica infection in stool. However, the PCR technique described is time-consuming, cumbersome, and expensive and therefore not well suited for use in developing countries where amebiasis is prevalent. The antigen detection test, which is rapid and simple and does not require any special equipment, is presently the only practical means for diagnosis of E. histolytica infection. 
